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Abstract
Background: The global prevalence of mental health disorders is at a crisis point, particularly in the wake of COVID-19,
prompting calls for the development of digital interdisciplinary mental health promotion interventions (MHPIs) for nonclinical
cohorts. However, the influence of gender and age on the outcomes of and adherence to MHPIs is not well understood.
Objective: The aim of this study was to determine the influence of gender and age on the outcomes of and adherence to a
10-week digital interdisciplinary MHPI that integrates strategies from positive psychology and lifestyle medicine and utilizes
persuasive systems design (PSD) principles in a nonclinical setting.
Methods: This study involved 488 participants who completed the digital interdisciplinary MHPI. Participants completed a pre
and postintervention questionnaire that used: (1) the “mental health” and “vitality” subscales from the Short Form 36 (SF-36)
Health Survey; (2) the Depression, Anxiety and Stress Scale (DASS-21); and (3) Satisfaction With Life Scale (SWL). Adherence
to the digital interdisciplinary MHPI was measured by the number of educational videos the participants viewed and the extent
to which they engaged in experiential challenge activities offered as part of the program.
Results: On average, the participants (N=488; mean age 47.1 years, SD 14.1; 77.5% women) demonstrated statistically significant
improvements in all mental health and well-being outcome measures, and a significant gender and age interaction was observed.
Women tended to experience greater improvements than men in the mental health and well-being measures, and older men
experienced greater improvements than younger men in the mental health and vitality subscales. Multiple analysis of variance
results of the adherence measures indicated a significant difference for age but not gender. No statistically significant interaction
between gender and age was observed for adherence measures.
Conclusions: Digital interdisciplinary MHPIs that utilize PSD principles can improve the mental health and well-being of
nonclinical cohorts, regardless of gender or age. Hence, there may be a benefit in utilizing PSD principles to develop universal
MHPIs such as that employed in this study, which can be used across gender and age groups. Future research should examine
which PSD principles optimize universal digital interdisciplinary MHPIs.
Trial
Registration:
Australian
New
Zealand
Clinical
Trials
Registry
ACTRN12619000993190;
http://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=377889 and Australian New Zealand Clinical Trials Registry
ACTRN12619001009101; http://www.anzctr.org.au/ACTRN12619001009101.aspx
(JMIR Ment Health 2021;8(11):e29866) doi: 10.2196/29866
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Introduction
Background
The global prevalence of depression and anxiety prior to the
COVID-19 pandemic was estimated at 586 million people [1].
In Australia, 1 in 5 individuals reported a mental or behavioral
condition in 2017-2018 [2], with the prevalence being higher
among women (22%) than men (18%) and in the 15-24 years
age range (26%). Recent population-based surveys indicate that
mental health has further deteriorated since COVID-19 [3,4].
In response, there is a need for accessible and scalable mental
health and well-being interventions that not only support
individuals suffering from mental distress but that also promote
the mental health and psychological resilience of nonclinical
cohorts [5-7].
Emerging literature has shown that digital mental health
promotion interventions (MHPIs) can improve mental health
[8,9] and prevent the onset of mental health disorders [10,11].
Research suggests several advantages of digital MHPIs,
including the potential to target individuals before they reach
a diagnostic threshold [12], being more economical than
face-to-face interventions [13], increased acceptability, and
having the potential to disseminate on a wider scale [10]. The
use of mobile apps and texting for self-guided care may help
to improve physical health while reducing anxiety, stress, and
depression [14]. Conversely, the literature also identifies several
disadvantages of digital MHPIs, including the resources spent
on individuals who do not develop adverse outcomes [13],
higher dropout rates [15], and the smaller effect sizes compared
with those of clinical interventions [10]. Digital interventions
targeting clinical cohorts have been found to be beneficial for
the treatment of acute depression, and a meta-analysis concluded
that gender and age are not moderating factors of the outcomes
[16]. Digital MHPIs have also been shown to be effective tools
for enhancing the mental health and well-being of nonclinical
cohorts, although little is known about the influence of gender
and age on the responsiveness to these interventions in this
context [17].

Influence of Gender on MHPIs
There is a paucity of research examining the influence of gender
on the outcomes of and adherence to digital interdisciplinary
MHPIs when delivered in nonclinical settings. It is well
established that men and women experience mental health issues
and distress differently. For example, women are more likely
to talk to someone, seek professional health care, protect
themselves and their offspring, and continue engaging with their
social networks [18]. In contrast, men typically build up their
emotions over time, which may develop into adverse behaviors
such as anger, violence, and hostility that in turn can compound
the mental health issue [19].
Studies also show that men are typically more hesitant than
women to seek help or treatment for mental health concerns
https://mental.jmir.org/2021/11/e29866
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[20]. Notably, women tend to rate MHPIs as more important
than men [21] and self-selected mental health interventions
typically have a bias toward female participation [15,22-27].
Numerous strategies such as role models, incorporating
problem-solving tasks, and portraying positive male traits have
been proposed for improving the outcomes of MHPIs when
targeting men [28]. The use of MHPIs in male-dominated
industries has been reported to improve mental health literacy
and knowledge, increase social support, provide access to
treatment, and reduce absenteeism [29].
Further, men may require more encouragement than women to
engage in, and adhere to, digital interventions, thus requiring
better implementation of programs [30]. Promoting enjoyable
activities and creating sustainable cultures that facilitate group
comradery are also deemed positive strategies for MHPIs [31]
as they encourage trust, reduce stigma, and normalize
engagement [32]. Interestingly, an Australian Football League
themed app using young male role models, psychoeducation,
social connection, and applied games to target men reported
60-day improvements in flourishing and a sense of connection
to the intervention community regardless of gender [33].
However, there is limited understanding of the influence of
gender on the outcomes of and adherence to digital
interdisciplinary MHPIs, which was the main objective of this
study.

Influence of Age on MHPIs
The literature is also sparse regarding the influence of age on
the outcomes of and adherence to digital interdisciplinary
MHPIs in a nonclinical setting. Although young adults are
commonly termed “digital natives” [34,35], this does not
necessarily equate to interest and engagement with digital
MHPIs and services. For example, a large web-based survey
on university students revealed that those with psychological
distress (26.14%, 1577/6034) reported a low utilization rate of
2.98% (47/1577) for online mental health services, despite
59.99% (946/1577) reporting a willingness to use the services
[36]. Regardless, digital mental health interventions have been
found to be effective for improving depression, anxiety, and
psychological well-being among college students. However,
further investigations are required to understand the key factors
to optimize such interventions [37].
Little is known on the efficacy of digital MHPIs for older adults
in a nonclinical setting. New technologies are promising tools
to alleviate loneliness and social isolation [38]. Novel
interventions such as virtual reality interventions have been
found to improve psychological well-being in older adults in a
nonclinical setting, and have the potential to foster
environmental mastery, personal growth, and autonomy [39].
In addition, animatronic pets provide a promising opportunity
to support healthy older adults in reducing loneliness, increasing
quality of life, and improving psychological well-being [40].
A key challenge is the ability to develop user-driven,
action-based mental health interventions for younger men that
JMIR Ment Health 2021 | vol. 8 | iss. 11 | e29866 | p. 2
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shift behavior, stigma, and leverage the influence of their peers
[41]. Social influences are more prominent in the adoption of
mobile health services among young to middle-aged adults
compared with older adults [42].
A key factor affecting adherence to digital mental health
interventions among older adults is whether their expectations
of the potential outcomes are realistic [43]. Managing
expectations reduces the likelihood of older adults deeming the
intervention to be a “waste of time” and hence increases
adherence, which contributes to improved outcomes of the
intervention. Interestingly, mental health interventions are rarely
designed with the novice digital user in mind or in accordance
with the digital guidelines of older participants [44]. In fact, an
“innovativeness-needs paradox” seems to exist where the people
in most need of the digital MHPI are those at the highest risk
of having the least access, training, skills, adoption rates, and
adherence to the intervention, therefore increasing health care
inequalities [45]. Digital MHPIs have the potential to reduce
the gap in health care provision for older adults as many patients
have long wait times for mental health providers, need help in
the prevention and management of a multitude of chronic
diseases, and have limited access to mental health providers as
they are unable to travel long distances [45].

Persuasive Systems Design
It is well recognized that adherence is problematic in digital
MHPIs. Two decades ago, Fogg [46] coined the term
“interactive technology” as the design to leverage social
influence and motivate and persuade humans to change their
attitudes and behaviors. Interactive technology involves features
that reward people with positive feedback, model a target
behavior or attitude, and provide social support.
Oinas-Kukkonen and Harjumaa [47] progressed the work of
Fogg by proposing persuasive systems that incorporate
information software or systems that are devised to reinforce,
change, or formulate attitudes and/or behaviors. In addition, the
persuasive systems design (PSD) model was developed
specifically to optimize engagement with digital interventions
[47]. The PSD model incorporates four categories of persuasion
principles: Primary Task Support, Dialogue Support, System
Credibility Support, and Social Support. Each category includes
7 distinct persuasion principles, including reduction, tunneling,
tailoring, self-monitoring, rewards, reminders, liking,
trustworthiness, expertise, surface credibility, social learning,
social comparison, and normative influence and completion.
Studies have also demonstrated that PSD principles can improve
the outcomes of and adherence to digitally delivered
interventions [48-52].
Game-based digital mental health interventions were particularly
found to increase the participants’ engagement and adherence
over the long term [53]. Although gaming is typically used by
the younger male demographics, gender and age were not
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associated with frequency of play [53]. In contrast, a systematic
review reported no evidence that the use of gamification was
associated with increased adherence to the protocol of the
program [54]. However, this may be due to most studies utilizing
only one feature of gamification (eg, goal-setting, progress,
feedback reward, or story/theme).
Common reasons reported for nonadherence include lack of
time, disinterest in the intervention, treatment no longer needed,
hardware or technical issues, perceived ineffectiveness of the
intervention, life events, chose not to proceed as participants
felt better after undertaking a few modules, discontent with the
group assignment, holiday, work commitments, poor health,
and no longer wished to participate [52].

Study Objectives
Mental health promotion is crucial for improving
population-level mental health. Despite the emerging literature
supporting the effectiveness of digital MHPIs [23,25], there is
a paucity of research investigating the influence of gender and
age in nonclinical cohorts. In this study, we aimed to investigate
the influence of gender and age on the outcomes of and
adherence to a digital interdisciplinary MHPI in a nonclinical
cohort.

Methods
Study Design
We previously reported that a randomized controlled trial (RCT)
using an MHPI, referred to as the “Live More Project” or “The
Lift Project,” showed significant improvements (P<.001) in all
outcome measures for an intervention group, whereas no
changes were observed in the control group regardless of gender
and age [25]. The focus of this study was to examine the
influence of gender and age on the outcomes of and adherence
to a digital MHPI among a larger cohort.

Study Participants
This study combined the data of two cohorts from two
independent studies that utilized the same intervention in an
Australasian nonclinical setting (see Table 1), creating a total
study population of 488 participants. The participants were
recruited voluntarily through a faith-based organization. The
study was advertised as an “emotional wellness” program
through the faith-based organization’s internal communications
channels, including bulletins and magazines.
Cohort 1 was the treatment arm (n=168) from an unblinded
RCT. The Avondale University Human Research Ethics
Committee approved all procedures involving human subjects
for the RCT (project number 2017:13). The trial protocol was
registered at the Australian New Zealand Clinical Trials Registry
(ACTRN12619000993190). For more information about the
study design and intervention, refer to Przybylko et al [25].
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Table 1. Overview of weekly topics and challenges for the intervention.
Week

Topic

Daily challenge

Weekly challenge

1

Speak positively

Offer a genuine compliment

Memorize an inspirational text or saying

2

Move dynamically

Spend 30 minutes of moderate exercise or 10,000
steps

20 minutes of guided resistance exercises

3

Immerse in an uplifting natural
environment

Spend 30 minutes in an uplifting natural environment

Experience a sunrise

4

Immerse in a positive social envi- Do something intentional to show you care
ronment

Forgive someone who has hurt you

5

Look to the positive

Spend 15 minutes to reflect on three things that
went well

Write a letter of gratitude to someone and share it
with them

6

Eat nutritiously

Eat eight servings of plant-based food

Prepare a high-fiber, plant-based meal with one or
more friends

7

Rest: sleep

Spend 8 hours in bed without a device

Spend an evening by firelight

8

Rest from stress

Spend 15 minutes in a quiet place, relaxing, and
being mindful of surroundings

Take a day off work and a digital Sabbath (going
“offline” for 24 hours to recharge)

9

Serving others

Perform a random act of kindness

Use signature strength to perform an act of service

10

What does it take to flourish?

Continue challenges found to be helpful

Continue challenges found to be helpful

Cohort 2 involved a three-arm (n=320) randomized comparative
study that examined the influence of different modes of human
support on the intervention. The Avondale University Human
Research Ethics Committee approved the conduct of the study
(project number 2018:09) and the trial was registered at the
Australian New Zealand Clinical Trials Registry
(ACTRN12619001009101); refer to Renfrew et al [23] for a
detailed explanation of the study. The study indicated that the
intervention improved the mean scores for all mental health
metrics, regardless of the addition of human support. Further,
the mode of human support offered in addition to the
intervention had no influence on the outcomes of the
intervention [55]. Hence, as the mental health outcomes were
similar for all arms in the study, all participants were pooled to
form Cohort 2.

Intervention
Both cohorts participated in an intervention referred to as the
“The Live More Project” or “The Lift Project” [56,57]. The
10-week digital interdisciplinary MHPI used evidenced-based
strategies from the disciplines of lifestyle medicine and positive
psychology for improving mental health and well-being, as
detailed in Table 1.
The intervention was based on Ajzen’s [58] Theory of Planned
Behavior and employed an experiential pedagogical framework
of “Learn, Experience, Think, Share,” which was accessed
through an electronic learning management system. Weekly
30-minute video sessions were aimed to educate and empower
participants to make positive behavior changes. Daily and
weekly experiential challenges provided practical application.
The following PSD principles were used in the intervention to
improve adherence: gamification to increase challenge points
and badges by participating in the challenges; a social forum to
comment, post photos, and encourage interaction between the
participants to provide accountability; and provision of
reminders to watch the videos and log challenges. Refer to
Multimedia Appendix 1 for website and app screenshots. An
https://mental.jmir.org/2021/11/e29866
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electronic book and electronic workbook were also provided to
expand the participants’ knowledge and to journal their
experience during the intervention.

Measurements
Mental Health Outcomes
All participants in each cohort completed a self-reported
questionnaire at preintervention (Week 1) and postintervention
(Week 12). The questionnaire included sociodemographic
characteristics such as age, gender, ethnicity, level of education,
country of birth, and three validated instruments. An outline of
the instruments used in the questionnaire are detailed below.

Short Form 36-Item Health Survey
The Short Form 36-item (SF-36) Health Survey is a self-reported
health questionnaire appropriate for use among a general
population [59]. This survey consists of 36 items that assess
eight scales: general health, mental health, vitality, social
function, physical function, role limitations due to physical
health, role limitations due to emotional problems, and bodily
pain. These subscales can be used separately; the two subscales
measuring positive affect (ie, “mental health” and “vitality”)
[60] were used in this study. The “mental health” subscale
assesses emotional well-being (5 items) and the “vitality”
subscale assesses energy and fatigue (4 items) [61]. Both
subscales generate a score between 0 and 100, with a higher
score representing a higher level of mental health and vitality.
Although exact cut-off scores have not been established for the
two subscales, studies have indicated that a mental health score
less than 56 is indicative of major depression [62] and a score
less than 45 on the vitality subscale was classified as fatigued
[63]. This study observed a Cronbach α of .86 for mental health
and .88 for vitality, indicating good internal consistency.

Depression, Anxiety and Stress Scale
The 21-item Depression, Anxiety and Stress Scale (DASS-21)
is a well-used assessment to measure the negative affect of
JMIR Ment Health 2021 | vol. 8 | iss. 11 | e29866 | p. 4
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emotional states—depression, anxiety, and stress (7 items per
subscale)—on both clinical and nonclinical populations [64].
The questionnaire generates a score between 0 and 21, with a
higher score representing increasing levels of mental distress
[65]. Individuals were considered “symptomatic” if they reached
the threshold of greater than 4 for depression, greater than 3 for
anxiety, and greater than 7 for stress. This study observed good
internal consistency with a Cronbach α of .87 for depression,
.70 for anxiety, .83 for stress, and .90 for the overall score for
the 3 domains.

Satisfaction With Life Scale
The 5-item Satisfaction With Life Scale (SWLS) assesses global
life satisfaction [66] and is used in numerous settings [67]. The
questionnaire generates a score between 5 and 35, with a higher
score representing increasing levels of life satisfaction. A score
of 19 indicates an average life satisfaction. This study observed
a Cronbach α of .88, indicating good internal consistency.

Measurements
Adherence
This study used the following adherence measures for the
intervention that have been established previously [55].

Videos Viewed
Each week the participants were introduced to a weekly topic
(see Table 1) that was presented using an educational video.
The total number of weekly videos viewed was used to measure
primary adherence and was measured out of a total of 10. A
video was marked as “viewed” when 80% or more of the
presentation had been played.

Experiential Challenge Activities
Participants were encouraged to put what they had learned each
week into action by participating in experiential challenge
activities. Adherence to challenges was calculated through the
total weekly challenge score and the total number of weeks that
the participants had completed the challenge. The daily
challenge was awarded 10 points with a maximum of 70 points
per week, and weekly challenges were allocated 30 points.
Hence, participants had the opportunity to achieve 100 points
per week, for a total of 1000 points at the end of the 10-week
intervention.

Statistical Analysis
The data were analyzed using SPSS Statistics (version 25). The
χ2 test was used to examine the difference in the baseline
characteristics. Descriptive statistics, involving frequencies,
means, SDs, and 95% CIs, are used to present the mental health
and well-being outcomes, as well as the adherence measures.
Multivariate analysis of variance (MANOVA) was used for
comparisons as there were several categorical independent
variables and continuous dependent variables. Data were
prescreened and cleaned to ensure the robustness of the
MANOVA, which was also aided by the large sample size.
MANOVA, using the general linear modeling (GLM) function
in SPSS, was used to test for time effects (pre to
postintervention), gender and age effects, and their interactions.
https://mental.jmir.org/2021/11/e29866
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When significant, Bonferroni post hoc analyses were utilized
to determine significant changes from pre to postintervention
to compare gender and age differences, and to explore
significant interactions. Pearson correlation analysis was used
to evaluate the relationship between the mental health or
well-being outcomes and adherence measures. Analysis of
variance was used to compare differences in the outcomes and
adherence measures between the age categories. Paired and
independent sample t tests were used to explore gender
differences in the mental health and well-being outcome
measures. Missing data for age (n=4) were replaced with the
mean age and missing data (n=14) for mental health outcomes
were removed from the analysis.

Results
Participant Baseline Characteristics
A total of 488 participants completed the preintervention
questionnaire (week 1) and postintervention questionnaire (week
12).
Cohorts 1 and 2 differed with regard to age (mean 49.3 years,
SD 14.1 and 45.9 years, SD 14.0, respectively; P=.01), gender
balance (women: 69.1%, 116/168 and 81.9%, 262/320,
respectively; P=.002), and ethnic representation (White: 89.3%,
150/168 and 81.8%, 262/320, respectively; P=.05). Although
a statistically significant difference was observed between the
cohorts in these demographic variables, it is notable that in both
cohorts there was a bias toward White women in the 35-54–year
age category. No statistically significant difference was found
between Cohorts 1 and 2 in the highest education obtained
(tertiary education: 89.3% and 81.8%, respectively; P=.52).
There was a difference between Cohorts 1 and 2 in all baseline
mental health measures except life satisfaction; however, the
mean scores for both cohorts were in the nonclinical range for
all measures. The baseline mental health measures for the two
cohorts were as follows: mental health (75.5 and 66.2, P<.001),
vitality (52.5 and 60.2, P<.001), depression (2.5 and 3.5,
P=.001), anxiety (1.8 and 2.3, P=.02), stress (4.5 and 5.7,
P=.001), and life satisfaction (23.9 and 23.1, P=.08). Combining
these two cohorts increased the heterogeneity of the total sample,
which in turn increased the generalizability of the study.
The combined cohort (N=488), which formed the population
for this study, had a mean age of 47.1 years (SD 14.1) and were
mostly women (77.9%, 380/488). The ethnicity of the population
was largely White (83.4%, 407/488), followed by Other (5.3%,
26/488), Asian (4.5%, 22/488), Maori/Pacific Islander (3.3%,
16/488), Black/African American (2.3%, 11/488),
Spanish/Hispanic/Latino (0.6%, 3/488), and Indigenous (0.6%,
3/488). The highest level of education achieved was tertiary
education (84.4%, 413/488), followed by secondary/high school
(15.2%, 75/488) and primary/elementary (0.4%, 2/488).
In the absence of standardized or universally accepted age
categorization, the authors determined three age categories based
on the age grouping system of the World Health Organization
[68]: 18-34 years (younger adults: 21.7%, 106/488), 34-54 years
(middle-aged adults: 47.1%, 230/488), and ≥55 years (older
adults: 31.1%, 152/488). However, the World Health
JMIR Ment Health 2021 | vol. 8 | iss. 11 | e29866 | p. 5
(page number not for citation purposes)

JMIR MENTAL HEALTH
Organization acknowledges that there is no conceptual
justification for selecting one age standard over another [68].
There was no statistically significant difference between men
and women (χ2487=1.42, P=.70) or the age categories (F487=0.30,
P=.69) with regard to ethnic representation (F487=0.03, P=.98)
or highest level of education obtained (F487=0.23, P=.59).
However, statistically significant differences were found
between genders and between age categories in some of the
preintervention psychometric measures (see Table 2). At
preintervention, women reported poorer mental health metrics
than men for mental health (t487=4.85, P<.001), vitality
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(t487=3.94, P<.001), depression (t487=–3.13, P=.002), anxiety
(t487=–3.05, P=.002), and stress (t487=–4.14, P<.001), but not
life satisfaction (t487=1.09, P=.29). However, the mean scores
were found to be in the nonclinical range. The ≥55 years age
category had a significantly better score than the 18-34 (P<.001)
and 34-54 (P=.002) age categories for mental health; the 18-34
(P<.001) and 34-54 (P<.001) categories for vitality; the 18-34
category for depression (P<.001) and anxiety (P=.002); and the
18-34 (P<.001) and 34-54 (P<.001) categories for stress. The
35-54 age category had a significantly higher score than the
18-34 age category for depression (P=.03) and anxiety (P=.03),
but not for stress (P=.97).
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Table 2. Pre to postintervention changes in each of the outcome measures defined by the gender and age categories.
Outcome measure

Preintervention
Postintervention (week Difference,
(week 1), mean (SD) 12), mean (SD)
mean (%)

t test (df)

69.4 (16.4)

77.9 (14.9)

8.5 (12)

Men

76.0 (14.4)

81.3 (16.2)

Women

67.5a (16.5)

95% CI

P value

Effect size
(Cohen d)

–13.306 (487) –9.72 to –7.22

<.001

0.54

5.3 (7)

–3.227 (107)

.002

0.35

76.9 (14.4)

9.4 (14)a

–14.197 (379) –10.69 to –8.09

<.001

0.61

Mental health
Overall
Gender
–8.59 to –2.05

Age category (years)
18-34

64.1 (16.6)

71.3 (17.8)

7.2 (11)

–1.304 (105)

–10.66 to –3.83

<.001

0.42

35-54

68.5 (15.3)

77.0 (14.1)

8.4 (12)b

–9.695 (229)

–10.13 to –6.71

<.001

0.57

55+

74.3b,c (16.7)

83.7 (11.7)

9.5 (13)b

–9.182 (151)

–11.50 to –7.43

<.001

0.67

57.6 (18.2)

86.2 (17.6)

10.5 (18)

–14.018 (487) –12.01 to –9.06

<.001

0.59

Men

63.5 (16.7)

69.9 (19.9)

6.4 (10)

–3.416 (107)

<.001

0.35

Women

55.9a (18.3)

67.7 (16.8)

11.8 (21)a

–14.772 (379) –13.31 to –10.19

<.001

0.67

Vitality
Overall
Gender
–10.06 to –2.67

Age category (years)
18-34

53.9 (15.7)

63.0 (19.0)

9.1 (17)

–4.737 (105)

–12.96 to –5.31

<.001

0.53

35-54

55.6 (18.7)

66.6 (17.3)

11.1 (20)b

–10.647 (229) –13.14 to –9.04

<.001

0.62

55+

63.2b,c (17.8)

73.9 (15.4)

10.7 (17)

–8.475 (151)

–13.21 to –8.21

<.001

0.64

3.2 (3.3)

1.9 (2.6)

–1.3 (–39)

10.575 (487)

1.02 to 1.49

<.001

0.43

Men

2.3 (3.0)

1.5 (2.7)

–0.8 (–34)

3.464 (107)

0.34 to 1.26

.001

0.28

Women

3.4a (3.3)

2.0 (2.6)

–1.4 (–40)a

10.121 (379)

1.12 to 1.66

<.001

0.47

Depression
Overall
Gender

Age category (years)
18-34

4.1 (3.5)

2.6 (3.3)

–1.6 (–38)

5.675 (105)

1.03 to 2.14

<.001

0.47

35-54

3.1 (3.1)

2.0 (2.6)

–1.1 (–35)

6.562 (229)

0.76 to 1.41

<.001

0.38

55+

2.7b (3.2)

1.4 (1.9)

–1.3 (–49)

6.095 (151)

0.88 to 1.72

<.001

0.50

2.1 (2.3)

1.3 (1.8)

–0.8 (–38)

9.242 (487)

0.64 to 0.98

<.001

0.39

Men

1.5 (1.9)

0.9 (1.7)

–0.6 (–42)

3.896 (107)

0.32 to 0.97

<.001

0.36

Women

2.3a (2.4)

1.5 (1.8)

–0.9 (–35)

8.382 (379)

0.65 to 1.05

<.001

0.40

Anxiety
Overall
Gender

Age category (years)
18-34

2.8 (2.7)

1.6 (2.1)

–1.2 (–42)

4.886 (105)

0.70 to 1.67

<.001

0.49

35-54

2.1b (2.2)

1.3 (1.9)

–0.7 (–35)

6.574 (229)

0.51 to 0.94

<.001

0.35

55+

1.8b (2.1)

1.1 (1.4)

–0.7 (–39)

4.516 (151)

0.38 to 0.98

<.001

0.39

5.3 (3.4)

3.8 (3.1)

–1.5 (–28)

11.313 (487)

1.24 to 1.76

<.001

0.47

Stress
Overall
Gender
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Preintervention
Postintervention (week Difference,
(week 1), mean (SD) 12), mean (SD)
mean (%)

t test (df)

95% CI

P value

Effect size
(Cohen d)

Men

4.2 (2.8)

3.0 (3.2)

–1.2 (–28)

4.270 (107)

0.63 to 1.73

<.001

0.39

Women

5.7a (3.4)

4.1 (3.0)

–1.6 (–28)

10.554 (379)

1.30 to 1.89

<.001

0.50

Age category (years)
18-34

6.4 (3.6)

4.9 (3.8)

–1.5 (–24)

4.812 (105)

0.90 to 2.17

<.001

0.42

35-54

5.5 (3.1)

4.1 (2.9)

–1.4 (–26)

7.909 (229)

1.08 to 1.79

<.001

0.48

55+

4.3b,c (3.4)

2.7 (2.3)

–1.6 (–37)

6.477 (151)

1.09 to 2.04

<.001

0.55

23.4 (6.8)

25.8 (6.4)

2.4 (10)

–11.991 (487) –2.85 to –2.04

<.001

0.37

Men

24.0 (6.5)

26.2 (6.0)

2.2 (9)

–5.694 (107)

–3.02 to –1.46

<.001

0.35

Women

23.2 (6.8)

25.7 (6.5)

2.5 (11)

–10.562 (379) –2.97 to –2.04

<.001

0.38

Life satisfaction
Overall
Gender

Age category (years)

a

18-34

23.3 (7.2)

25.7 (6.7)

2.4 (10)

–5.114 (105)

–3.33 to –1.47

<.001

0.35

35-54

22.9 (7.0)

25.7 (6.6)

2.8 (12)

–9.206 (229)

–3.38 to –2.19

<.001

0.41

55+

24.0 (6.2)

26.0 (5.9)

2.0 (8)

–5.864 (151)

–2.63 to –1.30

<.001

0.33

Significant gender difference.

b

Significant difference from the 18-34 age category.

c

Significant difference from the 35-54 age category.

Mental Health Outcomes
Overall Intervention Effect
MANOVA results of the changes in the mental health and
well-being outcomes from pre to postintervention indicated a
statistically significant difference for gender (F487=2.81, P=.01,
Wilks Λ=0.97, η2=0.03) and age (F487=2.46, P=.004; Wilks
Λ=0.94, η2=0.03). A significant gender and age interaction
(F487=2.14, P=.01; Wilks Λ=0.95, η2=0.03) was observed, with
younger females experiencing greater improvements than the
older females in 5 out of 6 outcome measures. This trend was
not evident among the males. Table 2 shows the changes in
mental health and well-being outcomes from pre to
postintervention, reported for gender and the age group
categories. Statistically significant improvements in all mental
health and well-being measures were observed.

Influence of Gender on Mental Health Outcomes
Although women reported lower levels of mental health (ie,
higher emotional distress) at preintervention, they experienced
a higher mean change than men in mental health (F487=13.16,
P<.001), vitality (F487=11.90, P=.001), and depression
(F487=3.89, P=.05), as seen in Table 2. No significant differences
were observed between men and women with respect to anxiety
(F487=0.87, P=.35), stress (F487=0.88, P=.35), or life satisfaction
(F487=3.53, P=.06).

Influence of Age on Mental Health Outcomes
Although the ≥55-year age category had higher levels of mental
health (ie, lower emotional distress) at preintervention, they
https://mental.jmir.org/2021/11/e29866
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experienced a significantly higher mean change in the mental
health scale (F487=5.15, P=.006) than the younger age
categories. However, there were no statistically significant
differences between the age categories for vitality (F487=2.05,
P=.13), depression (F487=0.53, P=.58), anxiety (F487=1.53,
P=.22), stress (F487=0.32, P=.73), or life satisfaction (F487=2.15,
P=.12). The pre to postintervention results indicated that the
18-34–year age category had a significantly lower mean change
than the 35-54 (P=.009) and ≥55 (P=.002) age categories for
mental health, and the 35-54 age category for vitality (P=.05).
Despite the 18-34 age category achieving a higher score (ie,
indicating higher emotional distress) at postintervention
compared to the 35-54 age category for depression (P=.31),
anxiety (P=.14), and stress (P=.54), no statistically significant
differences were observed. There were also no statistically
significant differences found between the 18-34 and 35-54 age
categories for life satisfaction (P=.06), or between the 35-54
and ≥55 age categories for any outcome measures: mental health
(P=.37), vitality (P=.80), depression (P=.65), anxiety (P=.67),
stress (P=.50), and life satisfaction (P=.16). Every age category
for both genders showed a statistically significant improvement
(ie, lower emotional distress) in mental health and well-being
metrics, except for the 18-34–year age category for mental
health (P=.13) and vitality (P=.13), and the men in the ≥55-year
age category for stress (P=.09).

Adherence
Overall Intervention Effect
MANOVA results of the adherence measures indicated a
statistically significant difference for age (F487=2.20, P=.04;
JMIR Ment Health 2021 | vol. 8 | iss. 11 | e29866 | p. 8
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Wilks Λ=0.97, η2=0.01), but not gender (F487=1.25, P=.29;

Influence of Gender on Adherence

Wilks Λ=0.99, η =0.01). No statistically significant interaction
between gender and age (F487=0.75, P=.61; Wilks Λ=0.99,

As shown in Table 3, there was no statistically significant gender
difference in the number of videos watched (t487=–0.52, P=.61),
total challenge points achieved (t487=–1.44, P=.15), or the
number of weeks that challenges were engaged with (t487=–1.72,
P=.09). Although women recorded higher mean challenge points
and a higher percentage watched all 10 videos, there was no
significant difference between the genders.

2

η2=0.01) was observed.

Table 3. Adherence outcomes by gender.
Variable

Men (n=108)

Women (n=380)

Total (N=488)

Between-group difference,
P value
N/Aa

Number of videos viewed (%)
10

22

33

31

8-9

5

3

3

5-7

52

39

43

1-4

16

20

19

0

5

5

5

6.4 (2.9)

6.6 (3.2)

6.55 (3.18)

.61

355.6 (370.6)

412.2 (361.2)

377.5 (354.0)

.15

5.1 (3.63

4.8 (3.6)

.09

Number of videos viewed, mean (SD)
Challenge, mean (SD)
Challenge points (out of 1000)

Number of weeks challenge scores logged (out 4.4 (3.72)
of 10)
a

N/A: not applicable.

Influence of Age on Adherence
A statistically significant difference was observed between the
age categories in the number of videos watched (F487=5.99,
P=.003); however, as shown in Table 4, there was no significant
difference in the total challenge points (F487=2.448, P=.09) or

total number of weeks that challenges were recorded
(F487=2.563, P=.08). The age categories of 35-54 and ≥55 years
recorded the same mean number of videos watched, which was
higher than that for the 18-34 years age category. Both the mean
challenge score and the number of weeks that challenge scores
were logged showed improvements with age, although the
difference was not statistically significant.

Table 4. Adherence outcomes between age categories.
Variable

18-34 years
(n=106)

35-54 years
(n=230)

≥55 years (n=152)

Total (N=488)

Between-group
difference, P value
N/Aa

Number of videos viewed (%)
10

25

33

31

89

8-9

1

4

3

8

5-7

38

42

45

125

1-4

26

18

18

62

0

10

3

4

17

5.6 (3.51)

6.8 (3.06)

6.8 (2.99)

6.6 (3.17)

.01

Challenge points (out of 1000)

340.8 (346.3)

398.7 (339.0)

442.9 (372.2)

400.3 (363.7)

.09

Number of weeks challenge scores
logged (out of 10)

4.4 (3.64)

5.0 (3.65)

5.4 (3.62)

5.0 (3.65)

.08

Number of videos viewed, mean (SD)
Challenge, mean (SD)

a

N/A: not applicable.
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Discussion
Principal Results
The aim of this study was to investigate the influence of gender
and age on the outcomes of and adherence to a digital
interdisciplinary MHPI in a nonclinical cohort. To the authors’
knowledge, this study is the first to investigate the effect of
gender and age on the outcomes of a digital interdisciplinary
MHPI that employed an array of strategies from the disciplines
of lifestyle medicine and positive psychology in a nonclinical
Australasian setting. Stratification by gender and age showed
significant improvements in all mental health and well-being
outcomes. Hence, digital interventions such as those employed
in this study are useful across gender and age groups for mental
health promotion and building psychological resilience.
A female bias was observed in this study, which is consistent
with the literature of positive psychology interventions as
mentioned previously. Despite the population scoring in the
nonclinical range for mental health and well-being, women
reported significantly lower mental health scores (ie, higher
emotional distress) than men at baseline. However, the women
experienced greater improvements than men in the mental
health, vitality, depression, and life satisfaction measures.
Notably, the women experienced twice the mean change increase
in the mental health and vitality subscales compared with the
change reported by men, resulting in similar outcome scores to
the men at postintervention. This indicates that those scoring
lower in the mental health and well-being outcomes can achieve
higher mean changes, presumably as there is greater potential
for improvement. This is consistent with the results of our
previous study using the same intervention that reported higher
levels of change were experienced by those with the lowest
mental health score at preintervention [57].
This study observed small to medium effect sizes for gender
and age on mental health outcomes of a digital interdisciplinary
MHPI, which is consistent with the literature of universal digital
mental health interventions [10]. However, Tan et al [69] asserts
that the impact of small effect sizes can be large when translated
to a population level. Hence, digital interdisciplinary MHPIs
provide a potential strategy to deliver low-cost and scalable
interventions to build the psychological resilience of an
individual to help them cope with the adversities experienced
in life [70].
This study showed that those aged ≥55 years achieved better
mental health and well-being outcomes than the younger age
categories in all mental health metrics from pre to
postintervention, except for stress. In addition, older men
experienced greater improvements than the younger men in the
mental health and vitality subscales of the SF-36. These findings
are consistent with a meta-analysis of positive psychology
interventions, indicating that mental health benefits increased
with age [71]. However, these finding are counterintuitive, as
younger adults are more frequent users of the internet than older
adults (ie, “digital natives”), which could be hypothesized to
influence the outcomes of a digitally delivered program [72-74].
A modulating factor might be the time availability. In a previous
qualitative study [75], we reported that “time” was perceived
https://mental.jmir.org/2021/11/e29866
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as a major barrier to adherence for many participants, although
the older participants expressed that retirement provided them
with more time to adhere to the intervention. Notably, outcomes
of a digital mental health intervention were shown to be related
to higher levels of adherence such as higher levels of time spent
on the digital platform, number of sessions completed,
percentage of the program viewed, and number of activities
compared to the control group [76].
Moreover, this study found no significant differences in any
adherence measures across gender and age, except for older
adults who watched a significantly higher mean number of
videos than younger adults. This is consistent with a
meta-analysis showing that age was not a predictor of adherence
in 13 out of 18 trials [77]. However, this contrasts with a
systematic review that found gender to be a consistent predictor
of adherence, with women having a higher probability to
complete the intervention compared with men [78].
Nevertheless, the authors acknowledged that higher
preintervention scores for depression and low scores in anxiety
were also found to predict greater adherence.
Naslund et al [79] suggested that focusing digital technologies
on early intervention for younger people is key for advancing
global mental health. However, Forsman et al [17] argues that
the implementation and innovation of mental health promotion
for older adults must not be overlooked. Mental health
promotion for older adults is of particular importance for three
key reasons: there is a higher mental health burden of disease
for older adults, digital mental health solutions can improve the
mental health care of older adults, and it is well recognized that
the mental health of young individuals is strongly influenced
by the well-being of their older caregivers [72].
As this study observed improvements in the mental health
outcomes of and adherence to a digital interdisciplinary MHPI
regardless of gender and age, the authors challenge the concept
of focusing solely on mental health promotion for younger or
older adults. Instead, the authors encourage developers to be
strategic and design digital interdisciplinary MHPIs for all adults
(ie, universal). The intervention used in this study employed
strategies to increase engagement and adherence among men
(ie, using male role models, portraying positive male traits,
promoting enjoyable activities, and facilitating peer
involvement), younger adults (ie, action-based intervention and
leverage the influence of peers), and older adults (ie, designing
the intervention for the novice user and managing expectations
of the intervention).
In addition, principles from the established PSD categories were
incorporated into the intervention. First, from the Primary Task
Support
category,
“reduction,”
“tunneling,”
and
“self-monitoring” were used to aid adoption by novice users
and older adults, and to increase adherence by encouraging
behavioral change through participation in a variety of
challenges (ie, enjoyable activities). Second, from the Dialogue
Support category, the PSD principles of “rewards,” “reminders,”
and “liking” were incorporated in the MHPI to increase
adherence in the form of alerts and personalized reminders
[32,49,54]. Third, from the System Credibility Support category,
the PSD principles of “trustworthiness,” “expertise,” and
JMIR Ment Health 2021 | vol. 8 | iss. 11 | e29866 | p. 10
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“real-world feel” were incorporated by using an internationally
recognized male role model that provided credibility to the
intervention to build trust and to portray positive male traits.
Lastly, from the Social Support category, the PSD principles
of “social learning,” “social comparison,” “social facilitation,”
and “competition” were employed to promote peer involvement
through social interaction (ie, encourage participants to write
comments and post pictures in relation to the challenges) and
increase adherence and accountability through the use of
gamification (ie, points, badges, and the leaderboard). The
culmination of the design elements [31,43,80,81] incorporated
in the intervention resulted in it being effective; however, further
research should investigate which elements are most beneficial
and for whom.

Strengths and Limitations
The strengths of this study are outlined below. First, this study
is strengthened by a large number of participants (N=488) and
vast age range (18-88 years old) across geographically diverse
areas. The second main strength is the MHPI’s novel
interdisciplinary nature that utilized multicomponent,
evidenced-based strategies from the disciplines of lifestyle
medicine and positive psychology. Using multicomponent
strategies, rather than employing a single tactic, is also deemed
to be more efficacious [56,71,82]. Third, the use of PSD
principles in the intervention were both gender-responsive and
age-sensitive. Increasing the number of PSD principles does
not necessarily lead to better outcomes [52]. Future studies
could investigate which PSD principles best optimize universal
MHPIs.
There are also several limitations of the study. First, the
participants were self-selected and drawn from a faith-based
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population. Hence, they may have entered the study with higher
motivation levels and readiness for change than the general
population, which may accordingly limit the generalizability
of the findings. Second, there was a female bias to the
study—which is often observed in positive psychology
interventions—and may limit the generalizability of the
intervention to male participants. Future studies could explore
the use of male-centric advertising and recruitment locations to
increase the number of male participants. Third, the study
observed small to medium effect sizes for gender and age, which
is consistent with the literature. Lastly, as the intervention was
promoted as a mental well-being intervention, the sample was
in the “nonclinical range” for the mental health scores.
Therefore, further research will need to be undertaken to
investigate the influence of gender and age on the outcomes of
and adherence to digital mental health interventions that
integrate strategies from positive psychology and lifestyle
medicine when dealing with clinical populations.

Conclusions
The findings of this study demonstrate that a digital
interdisciplinary MHPI that employed multicomponent
evidence-based strategies from the disciplines of lifestyle
medicine and positive psychology using PSD principles can
significantly improve mental health and well-being outcome
measures across gender and age categories in a nonclinical
setting. There may be a benefit in utilizing PSD principles to
develop universal MHPIs such as that employed in this study,
which can be used across gender and age groups. Future research
should examine which PSD principles optimize a universal
digital interdisciplinary MHPI.

Acknowledgments
The Seventh-day Adventist Church of the South Pacific Division funded the development of the electronic learning management
system and mobile app. They provided the intervention cost-free to participants and offered technical support throughout the
duration of the study.

Authors' Contributions
GP, DM, and JM designed the study. GP and DM developed the intervention. GP drafted the manuscript and GP and MR
coordinated the studies. GP and MR collected the data. GP analyzed the data. DM and JM provided supervision in the coordination
of the study and analyzing the data. DM and JM were major contributors in providing supervision in writing the manuscript. JM,
DM, and MR provided critical revision of the article. All authors read and approved the final manuscript.

Conflicts of Interest
DM operates a “profit-for-purpose” trust that administers the delivery of a version of the intervention; however, no personal
remuneration is received. GP is employed by the South Pacific Division of the Seventh-day Adventist Church, which administers
the intervention among members of the organization, including the participants of this study. No authors have a financial interest
in the initiative and there are no other conflicts of interest to declare.

Multimedia Appendix 1
Website and app screenshots.
[PDF File (Adobe PDF File), 1621 KB-Multimedia Appendix 1]

References
1.

Depression and other common mental disorders: Global health estimates. World Health Organization. 2017 Jun 27. URL:
https://apps.who.int/iris/bitstream/handle/10665/254610/WHO-MSD-MER-2017.2-eng.pdf [accessed 2020-06-27]

https://mental.jmir.org/2021/11/e29866

XSL• FO
RenderX

JMIR Ment Health 2021 | vol. 8 | iss. 11 | e29866 | p. 11
(page number not for citation purposes)

JMIR MENTAL HEALTH
2.

3.

4.

5.

6.

7.

8.

9.

10.

11.

12.

13.
14.
15.

16.

17.
18.
19.
20.

21.

22.

Australia’s health 2020: data insights. Australia's health series no. 17. Cat. no. AUS 231. Australian Institute of Health and
Welfare. Canberra; 2020 Jul 23. URL: https://www.aihw.gov.au/reports/australias-health/australias-health-2020-data-insights
[accessed 2020-07-23]
Fisher JR, Tran TD, Hammarberg K, Sastry J, Nguyen H, Rowe H, et al. Mental health of people in Australia in the first
month of COVID-19 restrictions: a national survey. Med J Aust 2020 Nov;213(10):458-464 [FREE Full text] [doi:
10.5694/mja2.50831] [Medline: 33107063]
Ettman CK, Abdalla SM, Cohen GH, Sampson L, Vivier PM, Galea S. Prevalence of depression symptoms in US adults
before and during the COVID-19 pandemic. JAMA Netw Open 2020 Sep 01;3(9):e2019686 [FREE Full text] [doi:
10.1001/jamanetworkopen.2020.19686] [Medline: 32876685]
World HO. Prevention and promotion in mental health. Mental Health: Evidence and Research Department of Mental
Health and Substance Dependence World Health Organization. 2002. URL: https://www.who.int/mental_health/media/en/
545.pdf [accessed 2021-03-21]
Kavčič T, Avsec A, Zager Kocjan G. Psychological functioning of Slovene adults during the COVID-19 pandemic: does
resilience matter? Psychiatr Q 2021 Mar 17;92(1):207-216 [FREE Full text] [doi: 10.1007/s11126-020-09789-4] [Medline:
32556914]
Macedo T, Wilheim L, Gonçalves R, Coutinho ESF, Vilete L, Figueira I, et al. Building resilience for future adversity: a
systematic review of interventions in non-clinical samples of adults. BMC Psychiatry 2014 Aug 14;14(1):227-228 [FREE
Full text] [doi: 10.1186/s12888-014-0227-6] [Medline: 25266031]
Koydemir S, Sökmez AB, Schütz A. A meta-analysis of the effectiveness of randomized controlled positive psychological
interventions on subjective and psychological well-being. Appl Res Qual Life 2020 Jan 02;16(3):1145-1185. [doi:
10.1007/s11482-019-09788-z]
Kalra G, Christodoulou G, Jenkins R, Tsipas V, Christodoulou N, Lecic-Tosevski D, European Psychiatry Association.
Mental health promotion: guidance and strategies. Eur Psychiatry 2012 Feb;27(2):81-86. [doi: 10.1016/j.eurpsy.2011.10.001]
[Medline: 22197146]
Deady M, Choi I, Calvo RA, Glozier N, Christensen H, Harvey SB. eHealth interventions for the prevention of depression
and anxiety in the general population: a systematic review and meta-analysis. BMC Psychiatry 2017 Aug 29;17(1):310
[FREE Full text] [doi: 10.1186/s12888-017-1473-1] [Medline: 28851342]
Sander L, Rausch L, Baumeister H. Effectiveness of internet-based interventions for the prevention of mental disorders: a
systematic review and meta-analysis. JMIR Ment Health 2016 Aug 17;3(3):e38 [FREE Full text] [doi: 10.2196/mental.6061]
[Medline: 27535468]
Purtle J, Nelson KL, Counts NZ, Yudell M. Population-based approaches to mental health: history, strategies, and evidence.
Annu Rev Public Health 2020 Apr 02;41(1):201-221. [doi: 10.1146/annurev-publhealth-040119-094247] [Medline:
31905323]
Greenberg MT, Abenavoli R. Universal interventions: fully exploring their impacts and potential to produce population-level
impacts. J Res Educ Eff 2016 Oct 13;10(1):40-67. [doi: 10.1080/19345747.2016.1246632]
Rathbone AL, Prescott J. The use of mobile apps and SMS messaging as physical and mental health interventions: systematic
review. J Med Internet Res 2017 Aug 24;19(8):e295 [FREE Full text] [doi: 10.2196/jmir.7740] [Medline: 28838887]
Gander F, Proyer RT, Ruch W. Positive psychology interventions addressing pleasure, engagement, meaning, positive
relationships, and accomplishment increase well-being and ameliorate depressive symptoms: A Randomized,
Placebo-Controlled Online Study. Front Psychol 2016;7:686. [doi: 10.3389/fpsyg.2016.00686] [Medline: 27242600]
Karyotaki E, Ebert DD, Donkin L, Riper H, Twisk J, Burger S, et al. Do guided internet-based interventions result in
clinically relevant changes for patients with depression? An individual participant data meta-analysis. Clin Psychol Rev
2018 Jul;63:80-92. [doi: 10.1016/j.cpr.2018.06.007] [Medline: 29940401]
Forsman A, Nordmyr J, Park A, Matosevic T, McDaid D, Wahlbeck K. Technology-based interventions for mental health
promotion in later life: An evidence review. Eur J Public Health 2016;26(Suppl 1):289. [doi: 10.1093/eurpub/ckw172.044]
Liddon L, Kingerlee R, Barry JA. Gender differences in preferences for psychological treatment, coping strategies, and
triggers to help-seeking. Br J Clin Psychol 2018 Mar 09;57(1):42-58. [doi: 10.1111/bjc.12147] [Medline: 28691375]
Patrick S, Robertson S. Mental health and wellbeing: focus on men's health. Br J Nurs 2016 Nov 24;25(21):1163-1169.
[doi: 10.12968/bjon.2016.25.21.1163] [Medline: 27882795]
Seaton CL, Bottorff JL, Jones-Bricker M, Oliffe JL, DeLeenheer D, Medhurst K. Men's mental health promotion interventions:
a scoping review. Am J Mens Health 2017 Nov 08;11(6):1823-1837 [FREE Full text] [doi: 10.1177/1557988317728353]
[Medline: 28884637]
Svedberg P. Attitudes to health promotion interventions among patients in mental health services--differences in relation
to socio-demographic, clinical and health-related variables. J Ment Health 2011 Apr;20(2):126-135. [doi:
10.3109/09638237.2010.507684] [Medline: 20874509]
Kahl BL, Miller HM, Cairns K, Giniunas H, Nicholas M. Evaluation of ReachOut.com, an unstructured digital youth mental
health intervention: prospective cohort study. JMIR Ment Health 2020 Oct 15;7(10):e21280 [FREE Full text] [doi:
10.2196/21280] [Medline: 33055066]

https://mental.jmir.org/2021/11/e29866

XSL• FO
RenderX

Przybylko et al

JMIR Ment Health 2021 | vol. 8 | iss. 11 | e29866 | p. 12
(page number not for citation purposes)

JMIR MENTAL HEALTH
23.

24.

25.

26.
27.

28.

29.
30.

31.

32.

33.

34.
35.
36.

37.

38.

39.

40.

41.

42.
43.

Renfrew ME, Morton DP, Morton JK, Hinze JS, Beamish PJ, Przybylko G, et al. A web- and mobile app-based mental
health promotion intervention comparing email, short message service, and videoconferencing support for a healthy cohort:
randomized comparative study. J Med Internet Res 2020 Jan 06;22(1):e15592 [FREE Full text] [doi: 10.2196/15592]
[Medline: 31904578]
Montagni I, Tzourio C, Cousin T, Sagara JA, Bada-Alonzi J, Horgan A. Mental health-related digital use by university
students: a systematic review. Telemed J E Health 2020 Feb;26(2):131-146. [doi: 10.1089/tmj.2018.0316] [Medline:
30888256]
Przybylko G, Morton D, Kent L, Morton J, Hinze J, Beamish P, et al. The effectiveness of an online interdisciplinary
intervention for mental health promotion: a randomized controlled trial. BMC Psychol 2021 May 11;9(1):77-11 [FREE
Full text] [doi: 10.1186/s40359-021-00577-8] [Medline: 33975645]
Bakker D, Rickard N. Engagement in mobile phone app for self-monitoring of emotional wellbeing predicts changes in
mental health: MoodPrism. J Affect Disord 2018 Feb;227:432-442. [doi: 10.1016/j.jad.2017.11.016] [Medline: 29154165]
Davies EB, Morriss R, Glazebrook C. Computer-delivered and web-based interventions to improve depression, anxiety,
and psychological well-being of university students: a systematic review and meta-analysis. J Med Internet Res 2014 May
16;16(5):e130 [FREE Full text] [doi: 10.2196/jmir.3142] [Medline: 24836465]
Sagar-Ouriaghli I, Godfrey E, Bridge L, Meade L, Brown JS. Improving mental health service utilization among men: a
systematic review and synthesis of behavior change techniques within interventions targeting help-seeking. Am J Mens
Health 2019 Jun 11;13(3):1557988319857009 [FREE Full text] [doi: 10.1177/1557988319857009] [Medline: 31184251]
Lee NK, Roche A, Duraisingam V, Fischer JA, Cameron J. Effective interventions for mental health in male-dominated
workplaces. Mental Health Rev J 2014 Dec 02;19(4):237-250 [FREE Full text] [doi: 10.1108/MHRJ-09-2014-0034]
Batterham PJ, Calear AL. Preferences for internet-based mental health interventions in an adult online sample: findings
from an online community survey. JMIR Ment Health 2017 Jun 30;4(2):e26 [FREE Full text] [doi: 10.2196/mental.7722]
[Medline: 28666976]
Seaton CL, Bottorff JL, Oliffe JL, Medhurst K, DeLeenheer D. Mental health promotion in male-dominated workplaces:
Perspectives of male employees and workplace representatives. Psychol Men Masc 2019 Oct;20(4):541-552. [doi:
10.1037/men0000182]
Robertson S, Gough B, Hanna E, Raine G, Robinson M, Seims A, et al. Successful mental health promotion with men: the
evidence from 'tacit knowledge'. Health Promot Int 2018 Apr 01;33(2):334-344. [doi: 10.1093/heapro/daw067] [Medline:
27543933]
Cheng VWS, Davenport T, Johnson D, Vella K, Mitchell J, Hickie IB. Naturalistic evaluation of a sport-themed mental
health and wellbeing app aimed at men (MindMax), that incorporates applied video games and gamification. Internet Interv
2020 Apr;20:100306 [FREE Full text] [doi: 10.1016/j.invent.2020.100306] [Medline: 32181146]
Judd T. The rise and fall (?) of the digital natives. Australas J Educ Technol 2018 Nov 25;34(5):99-119. [doi:
10.14742/ajet.3821]
Kirschner PA, De Bruyckere P. The myths of the digital native and the multitasker. Teach Teach Educ 2017 Oct;67:135-142.
[doi: 10.1016/j.tate.2017.06.001]
Dunbar MS, Sontag-Padilla L, Kase CA, Seelam R, Stein BD. Unmet mental health treatment need and attitudes toward
online mental health services among community college students. Psychiatr Serv 2018 May 01;69(5):597-600. [doi:
10.1176/appi.ps.201700402] [Medline: 29540117]
Lattie EG, Adkins EC, Winquist N, Stiles-Shields C, Wafford QE, Graham AK. Digital mental health interventions for
depression, anxiety, and enhancement of psychological well-being among college students: systematic review. J Med
Internet Res 2019 Jul 22;21(7):e12869 [FREE Full text] [doi: 10.2196/12869] [Medline: 31333198]
Poscia A, Stojanovic J, La Milia DI, Duplaga M, Grysztar M, Moscato U, et al. Interventions targeting loneliness and social
isolation among the older people: An update systematic review. Exp Gerontol 2018 Feb;102:133-144. [doi:
10.1016/j.exger.2017.11.017] [Medline: 29199121]
Montana JI, Matamala-Gomez M, Maisto M, Mavrodiev PA, Cavalera CM, Diana B, et al. The benefits of emotion regulation
interventions in virtual reality for the improvement of wellbeing in adults and older adults: a systematic review. J Clin Med
2020 Feb 12;9(2):500 [FREE Full text] [doi: 10.3390/jcm9020500] [Medline: 32059514]
Tkatch R, Wu L, MacLeod S, Ungar R, Albright L, Russell D, et al. Reducing loneliness and improving well-being among
older adults with animatronic pets. Aging Ment Health 2021 Jul;25(7):1239-1245. [doi: 10.1080/13607863.2020.1758906]
[Medline: 32363903]
Ellis LA, Collin P, Hurley PJ, Davenport TA, Burns JM, Hickie IB. Young men’s attitudes and behaviour in relation to
mental health and technology: implications for the development of online mental health services. BMC Psychiatry 2013
Apr 20;13(1):1-10. [doi: 10.1186/1471-244x-13-119]
Kenny G, Connolly R. Towards an inclusive worldxploring m-health adoption across generations. 2017 Jun 05 Presented
at: The 25th European Conference on Information Systems (ECIS); June 2017; Guimarães, Portugal p. 5-10.
Pywell J, Vijaykumar S, Dodd A, Coventry L. Barriers to older adults' uptake of mobile-based mental health interventions.
Digit Health 2020;6:2055207620905422 [FREE Full text] [doi: 10.1177/2055207620905422] [Medline: 32110429]

https://mental.jmir.org/2021/11/e29866

XSL• FO
RenderX

Przybylko et al

JMIR Ment Health 2021 | vol. 8 | iss. 11 | e29866 | p. 13
(page number not for citation purposes)

JMIR MENTAL HEALTH
44.
45.
46.
47.
48.

49.
50.

51.

52.

53.
54.

55.

56.
57.

58.
59.
60.
61.

62.

63.

64.

65.

Wasilewski MB, Stinson JN, Cameron JI. Web-based health interventions for family caregivers of elderly individuals: a
scoping review. Int J Med Inform 2017 Jul;103:109-138. [doi: 10.1016/j.ijmedinf.2017.04.009] [Medline: 28550996]
Seifert A, Reinwand DA, Schlomann A. Designing and using digital mental health interventions for older adults: being
aware of digital inequality. Front Psychiatry 2019 Aug 9;10:568-571. [doi: 10.3389/fpsyt.2019.00568] [Medline: 31447716]
Fogg BJ. Persuasive technology: using computers to change what we think and do. Ubiquity 2002 Dec;2002(December):5.
[doi: 10.1145/764008.763957]
Oinas-Kukkonen H, Harjumaa M. Persuasive systems design: key issues, process model, and system features. Commun
Assoc Inf Syst 2009;24:485-500. [doi: 10.17705/1CAIS.02428]
Asbjørnsen RA, Smedsrød ML, Solberg Nes L, Wentzel J, Varsi C, Hjelmesæth J, et al. Persuasive system design principles
and behavior change techniques to stimulate motivation and adherence in electronic health interventions to support weight
loss maintenance: scoping review. J Med Internet Res 2019 Jun 21;21(6):e14265 [FREE Full text] [doi: 10.2196/14265]
[Medline: 31228174]
Oduor M, Oinas-Kukkonen H. Committing to change: a persuasive systems design analysis of user commitments for a
behaviour change support system. Behav Inf Technol 2019 Apr 04;40(1):20-38. [doi: 10.1080/0144929x.2019.1598495]
Radomski AD, Wozney L, McGrath P, Huguet A, Hartling L, Dyson MP, et al. Potential reduction of symptoms with the
use of persuasive systems design features in internet-based cognitive behavioral therapy programs for children and adolescents
with anxiety: a realist synthesis. JMIR Ment Health 2019 Oct 23;6(10):e13807 [FREE Full text] [doi: 10.2196/13807]
[Medline: 31647474]
Lentferink AJ, Oldenhuis HK, de Groot M, Polstra L, Velthuijsen H, van Gemert-Pijnen JE. Key components in eHealth
interventions combining self-tracking and persuasive eCoaching to promote a healthier lifestyle: a scoping review. J Med
Internet Res 2017 Aug 01;19(8):e277 [FREE Full text] [doi: 10.2196/jmir.7288] [Medline: 28765103]
Wildeboer G, Kelders SM, van Gemert-Pijnen JEWC. The relationship between persuasive technology principles, adherence
and effect of web-Based interventions for mental health: A meta-analysis. Int J Med Inform 2016 Dec;96:71-85. [doi:
10.1016/j.ijmedinf.2016.04.005] [Medline: 27117057]
Mandryk RL, Birk MV. Toward game-based digital mental health interventions: player habits and preferences. J Med
Internet Res 2017 Apr 20;19(4):e128 [FREE Full text] [doi: 10.2196/jmir.6906] [Medline: 28428161]
Brown M, O'Neill N, van Woerden H, Eslambolchilar P, Jones M, John A. Gamification and adherence to web-based mental
health interventions: a systematic review. JMIR Ment Health 2016 Aug 24;3(3):e39 [FREE Full text] [doi:
10.2196/mental.5710] [Medline: 27558893]
Renfrew ME, Morton DP, Morton JK, Hinze JS, Przybylko G, Craig BA. The influence of three modes of human support
on attrition and adherence to a web- and mobile app-based mental health promotion intervention in a nonclinical cohort:
randomized comparative study. J Med Internet Res 2020 Sep 29;22(9):e19945 [FREE Full text] [doi: 10.2196/19945]
[Medline: 32990633]
Przybylko G, Morton DP, Morton JK, Renfrew ME, Hinze J. An interdisciplinary mental wellbeing intervention for
increasing flourishing: two experimental studies. J Pos Psychol 2021 Mar 24:1-16. [doi: 10.1080/17439760.2021.1897868]
Morton DP, Hinze J, Craig B, Herman W, Kent L, Beamish P, et al. A multimodal intervention for improving the mental
health and emotional well-being of college students. Am J Lifestyle Med 2020 Oct 04;14(2):216-224 [FREE Full text] [doi:
10.1177/1559827617733941] [Medline: 32231487]
Ajzen I. The theory of planned behaviour: reactions and reflections. Psychol Health 2011 Sep;26(9):1113-1127. [doi:
10.1080/08870446.2011.613995] [Medline: 21929476]
Ware JE, Sherbourne CD. The MOS 36-ltem Short-Form Health Survey (SF-36). Med Care 1992;30(6):473-483. [doi:
10.1097/00005650-199206000-00002]
Pressman SD, Jenkins BN, Moskowitz JT. Positive affect and health: what do we know and where next should we go?
Annu Rev Psychol 2019 Jan 04;70(1):627-650. [doi: 10.1146/annurev-psych-010418-102955] [Medline: 30260746]
Contopoulos-Ioannidis DG, Karvouni A, Kouri I, Ioannidis JPA. Reporting and interpretation of SF-36 outcomes in
randomised trials: systematic review. BMJ 2009 Jan 12;338:a3006 [FREE Full text] [doi: 10.1136/bmj.a3006] [Medline:
19139138]
Shaw J, Treglia M, Motheral B, Coons SJ. Comparison of the depression screening characteristics of the CES-D, MHI-5,
and MCS-12 in primary care. 2000 Jun Presented at: AHSR Annual meeting: Behavioural health; June 2000; Washington
DC.
Donovan KA, Jacobsen PB, Small BJ, Munster PN, Andrykowski MA. Identifying clinically meaningful fatigue with the
Fatigue Symptom Inventory. J Pain Symptom Manage 2008 Nov;36(5):480-487 [FREE Full text] [doi:
10.1016/j.jpainsymman.2007.11.013] [Medline: 18495413]
Osman A, Wong JL, Bagge CL, Freedenthal S, Gutierrez PM, Lozano G. The Depression Anxiety Stress Scales-21
(DASS-21): further examination of dimensions, scale reliability, and correlates. J Clin Psychol 2012 Dec;68(12):1322-1338.
[doi: 10.1002/jclp.21908] [Medline: 22930477]
Shea TL, Tennant A, Pallant JF. Rasch model analysis of the Depression, Anxiety and Stress Scales (DASS). BMC Psychiatry
2009 May 09;9:21 [FREE Full text] [doi: 10.1186/1471-244X-9-21] [Medline: 19426512]

https://mental.jmir.org/2021/11/e29866

XSL• FO
RenderX

Przybylko et al

JMIR Ment Health 2021 | vol. 8 | iss. 11 | e29866 | p. 14
(page number not for citation purposes)

JMIR MENTAL HEALTH
66.
67.

68.

69.

70.

71.
72.
73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

Przybylko et al

Jang S, Kim ES, Cao C, Allen TD, Cooper CL, Lapierre LM, et al. Measurement invariance of the Satisfaction With Life
Scale across 26 countries. J Cross Cult Psychol 2017 Mar 22;48(4):560-576. [doi: 10.1177/0022022117697844]
Pavot W, Diener E, Colvin CR, Sandvik E. Further validation of the Satisfaction with Life Scale: evidence for the
cross-method convergence of well-being measures. J Pers Assess 1991 Aug;57(1):149-161. [doi:
10.1207/s15327752jpa5701_17] [Medline: 1920028]
Ahmad O, Boschi-Pinto C, Lopez A, Murray C, Lozano R, Inoue M. Age standardization of rates: A new WHO standard.
GPE Discussion Paper Series: No.31. World Health Organization. 2001. URL: https://www.who.int/healthinfo/paper31.
pdf [accessed 2021-11-02]
Tan L, Wang M, Modini M, Joyce S, Mykletun A, Christensen H, et al. Preventing the development of depression at work:
a systematic review and meta-analysis of universal interventions in the workplace. BMC Med 2014 May 09;12(1):74 [FREE
Full text] [doi: 10.1186/1741-7015-12-74] [Medline: 24886246]
Przybylko G, Morton DP, Renfrew ME. Addressing the COVID-19 mental health crisis: a perspective on using
interdisciplinary universal interventions. Front Psychol 2021;12:644337. [doi: 10.3389/fpsyg.2021.644337] [Medline:
33927669]
Sin NL, Lyubomirsky S. Enhancing well-being and alleviating depressive symptoms with positive psychology interventions:
a practice-friendly meta-analysis. J Clin Psychol 2009 May;65(5):467-487. [doi: 10.1002/jclp.20593] [Medline: 19301241]
Power E, Hughes S, Cotter D, Cannon M. Youth mental health in the time of COVID-19. Ir J Psychol Med 2020
Dec;37(4):301-305 [FREE Full text] [doi: 10.1017/ipm.2020.84] [Medline: 32611470]
Clarke AM, Chambers D, Barry MM. Bridging the digital disconnect: Exploring the views of professionals on using
technology to promote young people's mental health. Sch Psychol Int 2017 Aug;38(4):380-397 [FREE Full text] [doi:
10.1177/0143034317700937] [Medline: 29081558]
Estacio EV, Whittle R, Protheroe J. The digital divide: examining socio-demographic factors associated with health literacy,
access and use of internet to seek health information. J Health Psychol 2019 Oct;24(12):1668-1675. [doi:
10.1177/1359105317695429] [Medline: 28810415]
Renfrew ME, Morton DP, Northcote M, Morton JK, Hinze JS, Przybylko G. Participant perceptions of facilitators and
barriers to adherence in a digital mental health intervention for a nonclinical cohort: content analysis. J Med Internet Res
2021 Apr 14;23(4):e25358 [FREE Full text] [doi: 10.2196/25358] [Medline: 33851925]
Enrique A, Palacios JE, Ryan H, Richards D. Exploring the relationship between usage and outcomes of an internet-based
intervention for individuals with depressive symptoms: secondary analysis of data from a randomized controlled trial. J
Med Internet Res 2019 Aug 01;21(8):e12775 [FREE Full text] [doi: 10.2196/12775] [Medline: 31373272]
Linardon J, Fuller-Tyszkiewicz M. Attrition and adherence in smartphone-delivered interventions for mental health problems:
A systematic and meta-analytic review. J Consult Clin Psychol 2020 Jan;88(1):1-13. [doi: 10.1037/ccp0000459] [Medline:
31697093]
Garrido S, Millington C, Cheers D, Boydell K, Schubert E, Meade T, et al. What works and what doesn't work? A systematic
review of digital mental health interventions for depression and anxiety in young people. Front Psychiatry 2019;10:759.
[doi: 10.3389/fpsyt.2019.00759] [Medline: 31798468]
Naslund JA, Gonsalves PP, Gruebner O, Pendse SR, Smith SL, Sharma A, et al. Digital innovations for global mental
health: opportunities for data science, task sharing, and early intervention. Curr Treat Options Psychiatry 2019
Dec;6(4):337-351 [FREE Full text] [doi: 10.1007/s40501-019-00186-8] [Medline: 32457823]
Zubala A, MacGillivray S, Frost H, Kroll T, Skelton DA, Gavine A, et al. Promotion of physical activity interventions for
community dwelling older adults: A systematic review of reviews. PLoS One 2017;12(7):e0180902 [FREE Full text] [doi:
10.1371/journal.pone.0180902] [Medline: 28700754]
Kelders SM, Kok RN, Ossebaard HC, Van Gemert-Pijnen JEWC. Persuasive system design does matter: a systematic
review of adherence to web-based interventions. J Med Internet Res 2012 Nov 14;14(6):e152 [FREE Full text] [doi:
10.2196/jmir.2104] [Medline: 23151820]
Robertson S, White A, Gough B, Robinson R, Seims A, Raine G. Promoting mental health and wellbeing with men and
boys: What works? Project report. Leeds: Centre for Men’s Health, Leeds Beckett University. 2015. URL: https://eprints.
leedsbeckett.ac.uk/id/eprint/1508/1/Promoting_MentalHealth [accessed 2021-04-30]

Abbreviations
DASS: Depression, Anxiety and Stress Scales
MANOVA: multivariate analysis of variance
MHPI: mental health promotion intervention
PSD: persuasive system design
RCT: randomized controlled trial
SF-36: Short Form 36 Health Survey
SWLS: Satisfaction With Life Scale

https://mental.jmir.org/2021/11/e29866

XSL• FO
RenderX

JMIR Ment Health 2021 | vol. 8 | iss. 11 | e29866 | p. 15
(page number not for citation purposes)

JMIR MENTAL HEALTH

Przybylko et al

Edited by J Torous; submitted 24.04.21; peer-reviewed by P Batterham, B Kahl; comments to author 14.05.21; revised version received
21.06.21; accepted 03.10.21; published 11.11.21
Please cite as:
Przybylko G, Morton D, Morton J, Renfrew M
The Influence of Gender and Age on the Outcomes of and Adherence to a Digital Interdisciplinary Mental Health Promotion Intervention
in an Australasian Nonclinical Setting: Cohort Study
JMIR Ment Health 2021;8(11):e29866
URL: https://mental.jmir.org/2021/11/e29866
doi: 10.2196/29866
PMID:

©Geraldine Przybylko, Darren Morton, Jason Morton, Melanie Renfrew. Originally published in JMIR Mental Health
(https://mental.jmir.org), 11.11.2021. This is an open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in JMIR Mental Health, is properly cited. The complete bibliographic
information, a link to the original publication on https://mental.jmir.org/, as well as this copyright and license information must
be included.

https://mental.jmir.org/2021/11/e29866

XSL• FO
RenderX

JMIR Ment Health 2021 | vol. 8 | iss. 11 | e29866 | p. 16
(page number not for citation purposes)

